Introduction {#s1}
============

Endothelial dysfunction is an early phase of atherosclerosis and causes atherosclerotic cardiovascular disease (ASCVD) \[[@R01]\]. Endothelial dysfunction which means systemic/peripheral endothelial dysfunction is measured in terms of flow-mediated dilation (FMD) or the reactive hyperemia index (RHI) by peripheral arterial tonometry using an Endo-PAT 2000^®^ device (Itamar Medical, Israel) \[[@R02]\] or the others. FMD has been reported since 1992, and it is a widely used method in clinical research \[[@R03]\]. RHI was reported to be the test for peripheral vascular endothelial function in 2003 \[[@R04]\]. Both methods are based on the same phenomenon which is endothelial-dependent vasodilator function after transient arterial occlusion. RHI and FMD are recommended as endothelial function test in the Japanese Society of Hypertension Guidelines for the Management of Hypertension \[[@R05]\]. The independent prognostic factors for future cardiovascular events of RHI and FMD were similar magnitude by a meta-analysis \[[@R06]\]. While we have previously demonstrated the effectiveness of FMD \[[@R07], [@R08]\], the RHI value is easy to obtain and more operator-independent \[[@R9]\].

Several studies have shown various associations of RHI in night-time blood pressure variant patients \[[@R10]\], non-alcoholic fatty liver disease patients \[[@R11]\], obstructive sleep apnea patients \[[@R12]\] and non-obstructive coronary artery disease patients \[[@R13]\], in addition to major cardiovascular events \[[@R14]\]. Angiotensin I converting enzyme inhibitor \[[@R15]-[@R17]\], dipeptidyl peptidase-4 inhibitors (DPP-4Is) \[[@R18]\], sodium-glucose co-transporter 2 inhibitors \[[@R19]\] and statin therapy \[[@R20]\] have all been shown to improve endothelial function. For the reasons above, the value of RHI changes due to the underlying diseases and medications, and the cutoff value of RHI for ASCVD has not been determined. It is necessary to determine the cutoff value of RHI for ASCVD in clinical situation.

Materials and Methods {#s2}
=====================

Study design {#s2a}
------------

This was a prospective observational study. We asked all patients who visited Cardiology Section, Izumi General Medical Center, Kagoshima, Japan from May 2014 to March 2016 for checking RHI and all of the consecutive patients who were obtained written informed consent were registered. Four hundred ninety-eight consecutive patients were measured RHI using an Endo-PAT 2000^®^. We excluded four patients for hemodialysis and 11 patients for unmeasurable data. The remaining 483 patients were included. The study protocol was approved by the Ethics Committee of Izumi General Medical Center (approval number 30).

RHI {#s2b}
---

In all patients, RHI was measured in the morning in the fasting state before the intake of medications. Finger probes were placed on the middle finger of each hand. A constant counter pressure was applied and pulsatile volume changes induced pressure alterations in the finger cuff. The change of the arterial blood volume in the distal finger tip caused a change in the measured peripheral arterial tonometry signal. RHI measurements were analyzed with a computerized, automated algorithm to reduce intra- and interobserver variability of peripheral arterial tonometry signal (Endo-PAT 2000^®^ software, Itamar Medical) \[[@R14]\].

Evaluation of ASCVD risk factors {#s2c}
--------------------------------

ASCVD was defined as a past history of ischemic heart disease, cerebrovascular disease, and/or peripheral artery disease. Age, gender, body mass index (BMI) and smoking status (past and current smoker) were evaluated. BMI was calculated as weight (kg)/height (m)^2^. The histories of hypertension (HT), diabetes mellitus (DM), dyslipidemia (DLP) and chronic kidney disease (CKD) were obtained from medical records. Patients who had a current systolic blood pressure/diastolic blood pressure ≥ 140/90 mm Hg or who were receiving antihypertensive therapy were considered to have HT. DM was defined using the American Diabetes Association criteria \[[@R21]\]. Patients with low-density lipoprotein cholesterol ≥ 140 mg/dL, triglyceride ≥ 150 mg/dL and/or high-density lipoprotein cholesterol \< 40 mg/dL, or who were receiving lipid-lowering therapy, were considered to have DLP. CKD was defined as an estimated glomerular filtration rate (eGFR) \< 60 mL/min/1.73 m^2^. EGFR was determined using the abbreviated equation that the Japanese Society of Nephrology modified for Japanese based on the Modification of Diet in Renal Disease study: 194 × (age (years))^-0.287^ × (serum creatinine (mg/dL))^-1.094^ × (0.739 if female) \[[@R22]\].

Medication use, including angiotensin II receptor blocker/angiotensin converting enzyme inhibitor, calcium channel blocker, β-blocker, other anti-hypertension drugs, statin, eicosapentaenoic acid, other anti-dyslipidemia drugs, DPP-4I and other anti-diabetic drugs was evaluated. Serum levels of white blood cell and C-reactive protein were evaluated.

Statistical analyses {#s2d}
--------------------

All of the data analyses were performed using the SAS (Statistical Analysis System) Software Package (Ver. 9.4, SAS Institute Inc., Cary, NC, USA) at Fukuoka University (Fukuoka, Japan). Continuous variables with a normal distribution are expressed as mean ± standard deviation and differences between groups were compared by Student's *t*-test. Continuous variables with a non-normal distribution are expressed as median (interquartile range) and differences between groups were compared by the Wilcoxon rank-sum test. Differences in categorical variables between groups were compared by a Chi-square analysis. Multivariate analysis was performed using a logistic regression analysis for independent variables that were related to the presence of ASCVD, using risk factors including RHI, sex, age, BMI, smoking, HT, DM, DLP and CKD. A receiver-operating characteristic curve analysis was used to determine the cutoff value of RHI for ASCVD at the highest possible sensitivity and specificity levels. A value of P \< 0.05 was considered significant.

Results {#s3}
=======

Baseline patient characteristics {#s3a}
--------------------------------

[Table 1](#T1){ref-type="table"} shows the patient characteristics. Age, the percentage of male and BMI were 69 (62 - 76) years, 55% (n = 265) and 24 (22 - 26) kg/m^2^, respectively. Age, the percentage of male, BMI and the percentage of smoking in the ASCVD group were significantly higher than those in the non-ASCVD group. The percentages of HT, DM and DLP were 73.9% (n = 357), 24% (n = 116) and 75.8% (n = 366), respectively. The percentages of metabolic syndrome (MetS), HT, DM and DLP in the ASCVD group were significantly higher than those in the non-ASCVD group. Inflammation markers such as white blood cell and C-reactive protein in the ASCVD group were significantly higher than those in the non-ASCVD group.

###### Patient Characteristics

  Variables        All (n = 483)           ASCVD (n = 195)         Non-ASCVD (n = 288)     P value
  ---------------- ----------------------- ----------------------- ----------------------- ----------
  Age, years       69 (62 - 76)            72 (65 - 77)            67 (61 - 75)            \< 0.001
  Male, n (%)      265 (55)                147 (75)                118 (41)                \< 0.001
  BMI, kg/m^2^     24 (22 - 26)            24.3 ± 3.1              24 (22 - 26)            0.047
  Smoking, n (%)   208 (43)                124 (64)                84 (29)                 \< 0.001
  HT, n (%)        357 (73.9)              171 (87.7)              186 (64.6)              \< 0.001
  DM, n (%)        116 (24)                61 (31.3)               55 (19.1)               0.003
  DLP, n (%)       366 (75.8)              170 (87.2)              196 (68.1)              \< 0.001
  MetS, n (%)      172 (35.6)              102 (52.3)              70 (24.3)               \< 0.001
  WBC, 10^3^/µL    5,400 (4,500 - 6,700)   5,900 (4,800 - 7,100)   5,200 (4,400 - 6,300)   \< 0.001
  CRP, mg/dL       0.06 (0.03 - 0.12)      0.07 (0.04 - 0.16)      0.05 (0.03 - 0.10)      0.003

P value shows the comparison with ASCVD vs. non-ASCVD. ASCVD: atherosclerotic cardiovascular disease; BMI: body mass index; HT: hypertension; DM: diabetes mellitus; DLP: dyslipidemia; MetS: metabolic syndrome; WBC: white blood cell; CRP: C-reactive protein.

[Table 2](#T2){ref-type="table"} shows medication use in the study cohort. Angiotensin II receptor blocker/angiotensin converting enzyme inhibitor, DPP-4I and statin were administered significantly more often in the ASCVD group than in the non-ASCVD group.

###### Medications

  Variables               All (n = 483)   ASCVD (n = 195)   Non-ASCVD (n = 288)   P value
  ----------------------- --------------- ----------------- --------------------- ----------
  Anti-hypertension                                                               
    ARB/ACE-I, n (%)      237 (49)        125 (64)          112 (39)              \< 0.001
    CCB, n (%)            233 (48)        114 (59)          119 (41)              \< 0.001
    Beta-blocker, n (%)   61 (13)         35 (18)           26 (9)                0.004
    Others, n (%)         74 (15)         40 (21)           34 (12)               0.01
  Anti-diabetes                                                                   
    DPP-4I, n (%)         77 (16)         40 (21)           37 (13)               0.02
    Others, n (%)         60 (12)         34 (17)           26 (9)                0.006
  Anti-dyslipidemia                                                               
    Statin, n (%)         239 (50)        128 (66)          111 (39)              \< 0.001
    EPA, n (%)            57 (12)         35 (18)           22 (8)                \< 0.001
    Others, n (%)         29 (6)          12 (6)            17 (6)                0.9

P value shows the comparison with ASCVD vs. non-ASCVD. ASCVD: atherosclerotic cardiovascular disease; ARB: angiotensin II receptor blocker; ACE-I: angiotensin converting enzyme inhibitor; CCB: calcium channel blocker; EPA: eicosapentaenoic acid; DPP-4I: dipeptidyl peptidase-4 inhibitor.

RHI {#s3b}
---

RHI in all patients, ASCVD group and non-ASCVD group is shown in [Figure 1](#F1){ref-type="fig"}. RHI in the ASCVD group (1.65 (1.40 - 1.92)) was significantly lower than that in the non-ASCVD group (1.73 (1.45 - 2.24)) (P = 0.004), although angiotensin II receptor blocker/angiotensin converting enzyme inhibitor, DPP-4I and statin were more administered in the ASCVD group.

![Reactive hyperemia indexes in all patients, the ASCVD and non-ASCVD groups. ASCVD: atherosclerotic cardiovascular disease. \*P \< 0.05.](jocmr-12-293-g001){#F1}

Independent risk factors for ASCVD {#s3c}
----------------------------------

A multivariate analysis was performed to identify independent risk factors for ASCVD ([Fig. 2](#F2){ref-type="fig"}). RHI (odds ratio (OR): 0.67, 95% confidence interval (CI): 0.45 - 0.99, P = 0.04)), age (OR: 1.07, 95% CI: 1.04 - 1.09, P \< 0.001), male (OR: 3.36, 95% CI: 1.91 - 5.90, P \< 0.001), smoking (OR: 2.48, 95% CI: 1.43 - 4.29, P = 0.001), HT (OR: 2.62, 95% CI: 1.52 - 4.50, P \< 0.001) and DLP (OR: 4.77, 95% CI: 2.66 - 8.58, P \< 0.001) were independently associated with ASCVD. BMI (OR: 0.99, 95% CI: 0.92 - 1.06, P = 0.8), DM (OR: 1.33, 95% CI: 0.80 - 2.22, P = 0.3) and CKD (OR: 0.94, 95% CI: 0.53 - 1.68, P = 0.8) were not significantly associated with ASCVD. A receiver-operating characteristic curve analysis was performed to determine the optimal cutoff value of RHI for ASCVD under treatment for lifestyle diseases ([Fig. 3](#F3){ref-type="fig"}). The cutoff value of RHI was 1.80 and an area under the curve, sensitivity and specificity were 0.58, 0.45 and 0.67, respectively.

![Independent risk factors for ASCVD. A multiple logistic regression analysis was performed. Age, RHI, male, smoking, HT and DLP were independent factors associated with ASCVD. ASCVD: atherosclerotic cardiovascular disease; BMI: body mass index; RHI: reactive hyperemia index; HT: hypertension; DM: diabetes mellitus; DLP: dyslipidemia; CKD: chronic kidney disease.](jocmr-12-293-g002){#F2}

![A receiver-operating characteristic curve of the cutoff value of RHI for ASCVD. The cutoff value of RHI was 1.80 and an area under the curve, sensitivity and specificity were 0.58, 0.45 and 0.67, respectively. RHI: reactive hyperemia index; ASCVD: atherosclerotic cardiovascular disease.](jocmr-12-293-g003){#F3}

Discussion {#s4}
==========

We investigated the cutoff point of RHI for ASCVD in clinical patients under treatment for lifestyle diseases. RHI, age, male, smoking, HT and DLP were independently associated with ASCVD. The cutoff point of RHI for ASCVD was 1.80.

RHI measures digital reactive hyperemia, which is partially mediated by endothelium-derived nitric oxide and reflects endothelial dysfunction \[[@R23]\], and is associated with ASCVD \[[@R14]\]. Rubinshtein et al reported that RHI has a similar predictive power to FMD in patients with diagnosed obstructive coronary artery disease \[[@R14]\]. In Japanese Guideline for Non-Invasive Vascular Function Test which was established by collaborated 10 societies including The Japanese Circulation Society, the Japanese Society of Hypertension and Japanese College of Cardiology, the cutoff value of RHI for endovascular injury was recommended less than 1.67, based on a clinical study \[[@R24]\]. The cutoff value of RHI for ASCVD is usually lower than that for endovascular injury, because ASCVD has progressed pathophysiology of endovascular injury. But our study showed the cutoff value of RHI for ASCVD was higher than 1.67. It would cause medications including angiotensin converting enzyme inhibitor, DPP-4I and statin for improving the RHI. Matsuzawa et al reported that the cutoff value of RHI for detecting obstructive coronary artery disease and non-obstructive coronary artery disease in women was 1.82 \[[@R25]\]. Tanaka et al reported that the border zone of RHI for endothelial dysfunction was 1.67 - 2.10 \[[@R02]\]. This result suggests that we should care for endovascular injury when the value of RHI is still high in clinical situation.

MetS, HT, DM, DLP and CKD are common risk factors of ASCVD \[[@R26]-[@R29]\]. In this study, the percentages of these underlying diseases and the use of anti-hypertensive, anti-diabetic and anti-dyslipidemia medications in the ASCVD group were higher than those in the non-ASCVD group. Sodium-glucose co-transporter 2 inhibitor was not administered in this cohort because sodium-glucose co-transporter 2 inhibitor was not widely used in the study period yet. Inflammation leads to the development of atherosclerosis and causes ASCVD \[[@R30], [@R31]\]. In this study, white blood cell and C-reactive protein in the ASCVD group were significantly higher than those in the non-ASCVD group.

This study has several limitations. We defined ASCVD as a past history of ischemic heart disease, cardiovascular disease and/or peripheral artery disease, but we did not confirm the diagnosis by examinations. Further clinical studies will be needed to confirm the results of our study.

In conclusion, age, RHI, male, smoking, HT and DLP were independently associated with ASCVD and the cutoff point of RHI for ASCVD was 1.80.
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